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Background: It is widely known that smokers tend to feel less satisfied than 
non-smokers with their jobs and life more generally. However, it is not easy to 
establish a causal relationship between smoking and individual well-being, because 
of shared associations with socioeconomic or demographic factors. This issue was 
largely avoided in the present study, which used propensity score matching methods 
to investigate whether smoking affects the extent to which individuals are satisfied 
with their job and other aspects of their life. 
Methods: Using a large-scale Japanese dataset, we first estimated propensity scores for 
smoking as a function of numerous socioeconomic and demographic factors. We 
then matched smokers to non-smokers on the basis of these. We subsequently 
estimated the average treatment effect, considering smoking as a treatment and 
smokers as the treated group. We used different matching methods to ascertain the 
robustness of any effects. 
Results: We found that smoking made both males and females unhappy, and that it 
reduced both the extent to which they were satisfied with multiple aspects of their 
lives (including their job, non-working activities, household's financial conditions, 
family life, friendships, residential area, health and physical conditions) and their 
level of self-rated health. Some of these effects differed between males and 
females. 
Conclusions: Our propensity score matching analyses identified smoking as having 




   Several studies have investigated associations between smoking and each of work 
stress, job satisfaction, and happiness. [1-5] A negative correlation between smoking 
and individual well-being has been observed, but this is not necessarily a causal 
relationship. For example, while it is reasonable to think that work stress and frustration 
may make people more inclined to smoke, it is equally reasonable to think that smoking 
may increase feelings of frustration, irritation, and unhappiness. [6] 
   Furthermore, it must be considered that any correlation between smoking and 
individual well-being might be spurious, given that both of these factors are likely to be 
affected by common socioeconomic or demographic variables. Indeed, many previous 
studies have found lower levels of educational attainment and household income to be 
associated positively with smoking [7-14] and negatively with individual well-being. 
[15-17] Such associations could lead to findings of a negative correlation between 
smoking and well-being irrespective of any causal relationship between them. 
   It is not easy to determine the extent to which smoking directly affects individual 
well-being, because at any single point of time an individual cannot be observed as both 
a smoker and a non-smoker. The use of instrumental variable methods could potentially 
resolve this issue. However, it is difficult to identify instrumental variables that affect 
smoking behaviour but do not directly affect individual well-being. 
      The aim of the present study was to examine the extent to which smoking affects an 
individual’s assessment of their own well-being. To achieve this we used propensity 4 
 
score matching methods, [18, 19] which are widely employed in clinical medicine, 
epidemiology, health economics and other fields to identify causal effects of treatments 
when random assignment is difficult to implement. We accessed a large-scale dataset 
derived from nationwide surveys in Japan that contained information permitting 
relationships between smoking, socioeconomic status and individual well-being to be 
analysed and compared against other advanced countries. The impact of smoking on 
individual well-being remains yet to be explored in Japan, although some studies have 
examined the association between smoking and socioeconomic factors in the Japanese 
population. [20, 21] 
In employing a propensity score matching method, we effectively considered 
smoking as a treatment, and smokers and non-smokers as treated and control groups, 
respectively. We also interpreted self-reported assessments of individual well-being 
such as job satisfaction and happiness as potential outcomes of the treatment (i.e., 
smoking). We assumed that individuals were randomly assigned to the smoking and 
non-smoking groups given all observed socioeconomic and demographic characteristics. 
From this position, for each individual we calculated a propensity score, i.e., the 
probability of being assigned to the smoking group on the basis of the observed 
socioeconomic and demographic characteristics. We subsequently matched 
non-smokers to smokers, and calculated the average treatment effect on the treated, 
which was defined here as the difference between a smoker’s average outcome and the 
average outcome of a matched individual. This procedure enabled us to capture the 
causal effect of smoking on individual well-being. Though yielding little information 5 
 
concerning any reverse causal relationship (from individual well-being to smoking 
behaviour), we believe our approach capable of providing new insights into the 




Our analyses were based on data pooled across six Japanese General Social Surveys 
(JGSSs) conducted in each of the years 2000–2003 and 2005–2006 (a survey was not 
conducted in 2004). The surveys were conducted and compiled by the Institute of 
Regional Studies, Osaka University of Commerce, in collaboration with the Institute of 
Social Science, University of Tokyo.   
Sampling for each JGSS began by dividing Japan into six geographical blocks, 
which were subdivided according to population size into either three (in 2000–2005) or 
four (in 2006) sub-blocks. Between 300 and 526 locations (different each survey year) 
were then selected from each sub-block using the Population Census divisions. From 
each of these locations, 12 to 16 individuals aged between 20 and 89 years old were 
randomly selected. Data was collected from these individuals through a combination of 
interviews and self-administered questionnaires. Across the six surveys, the number of 
respondents ranged between 1,957 (in 2003) and 2,953 (in 2002); the response rate 6 
 
ranged between 50.5 per cent (in 2005) and 64.9 per cent (in 2000). The total sample 
size for the six surveys was 14,750. 
Our analysis focused on survey respondents who were both employed and aged less 
than 60 years old. This was because the impact of smoking on job satisfaction was to be 
one of the main issues addressed in our analysis, and a substantial portion of 
respondents aged 60 or more years had already retired (most private firms and 
public-sector institutions in Japan have a mandatory retirement age of 60 years, or 
slightly older than this). We were also interested in the impact of educational attainment 
on smoking, and most of the respondents aged 60 or more years had received their 
education under a system different from that currently in place (established in 1947). We 
also did not analyse any data of respondents missing information for key variables. Our 
final dataset had a sample size of 6,109 (2,940 males and 3,169 females), 41 per cent of 
the original sample.   
We obtained from our dataset information on smoking, individual well-being, 
socioeconomic status, and demographics. The proportion of current smokers was 52.1 
per cent and 17.7 per cent for males and females, respectively. There were nine 
individual well-being outcomes included in our analyses. Seven of these were based on 
JGSS questions that asked respondents how satisfied they were with their job, non-work 
activities, household's financial conditions, family life, friendships, residential area, and 
health and physical condition. Responses were made on a five-point scale, where 1 = 
satisfied and 5 = dissatisfied. We categorised responses of either 1 or 2 as ‘satisfied’. 7 
 
Two further items addressed aspects of subjective well-being: happiness and self-rated 
health. Responses were made by choosing one of five options in relation to the 
questions ‘How happy are you?’ and ‘How would you rate your health condition?’, and 
for which we categorised each of the top two options as ‘happy’ and ‘excellent’ 
respectively. 
A number of socioeconomic variables were extracted from the dataset, with these 
relating to educational attainment, family types at age 15, household income, 
occupational status, and housing tenure. Educational attainment was categorised into 
three groups: graduated from college or higher establishment, from high school, or from 
junior high school. With regards to family types at age 15, we focused on whether 
respondents lived in a double-parent or single-parent family when they were at that age. 
The JGSS asked respondents to choose their pre-tax annual household income for the 
previous year from one of 19 possible categories. We equivalised the median value of 
each category by dividing by the square root of the number of household members, and 
evaluated the outcome in terms of consumer prices in 2005. The sample was then 
divided into four income classes. Occupational status was categorised as management, 
regular employee, non-regular employee, or self-employed. We had five categories for 
housing tenure: owner, renter from the free market, renter from employer, renter of 
public housing, and other. Housing tenure is an indicator of cumulative property 
ownership and wealth, rather than of flow-based income. [12, 22] With regards to 
demographics, we divided the respondents into four age groups (aged in their 20s, 30s, 
40s, or 50s), considered marital status as married, never married, or divorced/widowed, 8 
 
and having children in terms of either none or one or more. Table 1 provides summary 
statistics of all socioeconomic and demographic variables. 
Table 1.  Numbers and characteristics of respondents
 Males Females Total
Survey year
2000 632 688 1,320
2001 566 612 1,178
2002 623 628 1,251
2003 346 415 761
2005 329 380 709
2006 444 446 890
Total 2,940 3,169 6,109
  Percentage (pooled across six surveys)
Current smoking behaviour 
Smoker 52.1 17.7 34.2
Non-smoker 47.9 82.3 65.8
Educational attainment
College or higher 42.6 38.0 40.2
High school 46.7 53.2 50.1
Junior high school 10.6 8.8 9.7
Family type at age 15
Double-parent family 91.6 91.6 91.6
Single-parent family 8.4 8.4 8.4
Household income (equivalised)
Highest quartile  21.8 27.8 24.9
Third quartile  26.4 23.1 24.7
Second quartile 27.4 23.4 25.4
Lowest quartile  24.4 25.6 25.0
Occupational status      
Management 13.9 37.1 25.9
Regular employee 70.0 25.6 46.9
Non-regular employee 4.4 33.5 19.5
Self-employed 11.7 3.9 7.6
Housing tenure
Owner 73.0 72.7 72.8
Renter (free market) 17.9 16.9 17.4
Renter (from employer) 3.8 3.8 3.8
Renter (public housing) 4.7 6.1 5.4
Other 0.5 0.4 0.5
Age (years)
20s 14.2 13.1 13.6
30s 22.4 25.6 24.1
40s 27.0 27.4 27.2
50s 36.3 33.9 35.0
Marital status
Married 77.3 80.5 79.0
Never married  18.9 11.6 15.1
Divorced/widowed 3.7 8.0 5.9
Children 
None 27.3 19.7 23.4





It is well-known that there are substantial differences in smoking behaviour between 
the genders, [23] and thus all of our analyses were conducted separately for males and 
females. 
We initially conducted logistic regression analyses to determine how smoking was 
related to each of the socioeconomic and demographic variables, the results of which 
were used to estimate propensity scores. In all of our estimations we included survey 
years as dummy variables, to control for any factors specific to these, used sampling 
weights provided by the JGSS organisers, and computed robust standard errors to 
correct for potential heteroscedasticity. 
      In estimating propensity scores, we repeatedly split the sample into a greater number 
of equally spaced intervals until the average propensity score of smokers and 
non-smokers did not differ. We confirmed that the balancing property was satisfied by 
testing that the mean for each characteristic did not differ between smokers and 
non-smokers. We employed three different widely used matching methods by which to 
estimate the average treatment effect of smoking from estimated propensity scores. 
These were nearest neighbourhood, radius, and kernel-based matching. We performed 
radius matching with radius sizes of both 0.01 and 0.001. For kernel-based matching we 
bootstrapped the standard error of the average treatment effect with 1,000 replications. 
For all of our estimations we used the econometric procedures of the Stata statistical 
software package. [24] 10 
 
RESULTS 
   Data for individual well-being is shown in Table 2; also presented are results for 
comparisons of the proportion of smokers and non-smokers reporting favourable 
assessments (not controlling for covariates). For many of the nine variables by which it 
was evaluated, self-reported well-being was significantly lower for smokers than for 
non-smokers, with the largest of these differences being for happiness. It should also be 
noted that smoking was associated with a more substantial reduction in job satisfaction 
for males than for females. However, the results of the comparisons presented in this 
table must be interpreted cautiously, because covariates were not controlled for. Indeed, 
if smoking behaviour and individual well-being are strongly associated with common 
covariates it is likely that the magnitude and statistical significance of differences 
between means were both overestimated.   
Table 3 summarises the estimated odds ratios (and 95 per cent confidence intervals) 
for the key covariates in our analysis of a relationship between smoking and individual 
well-being. Educational attainment had a strong association with smoking behaviour, a 
result that is consistent with many previous studies. A lower level of educational 
attainment was associated with a greater risk of smoking for both males and females. 
Living in a single parent family at age 15 was also associated with a greater risk of 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 3.  Estimated associations between smoking and socioeconomic/demographic factors








Junior high school 2.16
*** [1.61-2.91] 3.11
*** [2.07-4.68]
Family type at age 15
Double-parent family 1.00 1.00
Single-parent family 1.17 [0.87-1.56] 1.59
*** [1.16-2.19]
Household income 
Highest quartile  1.00 1.00
Third quartile  0.95 [0.76-1.19] 0.70
**  [0.51-0.97]
Second quartile 1.02 [0.81-1.29] 0.78
  [0.56-1.08]




Regular employee 1.01 [0.79-1.30] 1.15
  [0.86-1.55]
Non-regular employee 0.93 [0.60-1.46] 1.20
  [0.93-1.53]




Renter (free market) 1.36
*** [1.09-1.70] 2.04
*** [1.56-2.66]
Renter (from employer) 0.93 [0.61-1.42] 0.57
  [0.27-1.19]
Renter (public housing) 1.27 [0.86-1.87] 1.56
**  [1.07-2.27]
Other 1.55 [0.47-5.15]  




30s 0.90 [0.68-1.19] 0.99
  [0.71-1.39]
40s 0.73




















Survey year was included as a dummy variable in all analyses. 
*** p < 0.01,  











   Household income and occupational status were not significantly associated with 
smoking, a result that is inconsistent with many previous studies. However, this changed 
when educational attainment was excluded from being an explanatory variable. Under 
these circumstances, we found odds ratios significantly greater than unity for males who 
were in the lowest income quartile, non-regular employees, or self-employed (results 
not presented). This suggests that educational attainment is associated with smoking in 
part via shared associations with household income and occupational status. With 
regards to housing tenure, only renters from the free market were found to have a 
greater risk of being smokers. From the results of these analyses, we can conclude that 
educational attainment is the strongest determinant of smoking status for both males and 
females in Japan. 
   The distribution of estimated propensity scores is shown for males and females in 
Figures 1 and 2, respectively. For males, the distribution for both smokers and 
non-smokers was bell-shaped, though skewed somewhat towards lower values for the 
latter. There was also a high degree of overlap between the distributions for smokers 
and non-smokers, meaning that matching could be reliably performed. In contrast, for 
females the distributions for smokers and non-smokers differed substantially, reflecting 
a low proportion of female smokers (17.7 per cent). Nevertheless, there was sufficient 
overlap between the distributions for matching to be performed. For both males and 
females, we confirmed that the balancing property was satisfied at the 1 per cent 
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Figure 2. Distribution of estimated propensity scores  (females) 
Number of observations
Propensity score
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   The key results of our matching analyses for investigating the estimated effect of 
smoking on individual well-being are shown in Table 4. The average treatment effect on 
the treated represents the difference in the probability of smokers and non-smokers 
reporting satisfaction or favourable assessments: a negative value indicates a lower 
probability for smokers. The matching analysis results differ from those for the 
comparisons reported Table 2, in which covariates were not controlled for, and are 
noteworthy for two reasons. The first of these was a substantial difference between 
males and females in the extent to which smoking had an impact. For males, smoking 
was associated with a significant reduction in satisfaction with their job and non-work 
activities (the latter of which could arise from an unsatisfactory work situation). For 
females, it was satisfaction with their family life and household’s financial conditions 
that were adversely associated with smoking. In addition, smoking was associated with 
more substantial reductions for females than for males in both satisfaction with health 
and physical condition and self-rated health. These results suggest that any true 
understanding of smoking behaviour requires males and females to be considered 
separately. [20] The second and most important result to emerge from our matching 
analysis was that smoking had a significantly negative impact on happiness, the most 
comprehensive measure of individual well-being. Unlike more particular measures of 
individual well-being, the effect on happiness was found for both males and females 
and with all of the matching methods used. 16 
 
Table 4. Estimated effects of smoking on individual well-being
ATT S.E. ATT S.E.
Satisfied with the job




Radius  (0.01) -0.069 (0.019)
*** -0.040 (0.023)
*
Radius  (0.001) -0.076 (0.020)
*** -0.041 (0.025)
Satisfied with non-work activities




Radius  (0.01) -0.056 (0.019)
*** -0.034 (0.023)
Radius  (0.001) -0.063 (0.020)
*** -0.042 (0.024)
*
Satisfied with the household's financial conditions
Nearest neighbourhood   -0.014 (0.023) -0.049 (0.028)
*
Kernel -0.021 (0.017) -0.037 (0.020)
*
Radius  (0.01) -0.026 (0.017) -0.058 (0.020)
***
Radius  (0.001) -0.025 (0.018) -0.059 (0.022)
***
Satisfied with family life
Nearest neighbourhood   -0.011 (0.026) -0.027 (0.032)
Kernel -0.031 (0.019) -0.053 (0.024)
**
Radius  (0.01) -0.043 (0.019)
** -0.068 (0.023)
***




Nearest neighbourhood   0.014 (0.026) -0.022 (0.032)
Kernel 0.022 (0.019) -0.006 (0.024)
Radius  (0.01) 0.013 (0.019) -0.012 (0.023)
Radius  (0.001) -0.001 (0.020) -0.025 (0.025)
Satisfied with the residential area
Nearest neighbourhood   -0.019 (0.025)
  -0.023 (0.032)
Kernel -0.046 (0.019)
  -0.035 (0.024)
Radius  (0.01) -0.044 (0.019)
** -0.040 (0.024)
*
Radius  (0.001) -0.043 (0.020)
** -0.057 (0.025)
**
Satisfied with health and physical conditions
Nearest neighbourhood   0.011 (0.026)   -0.039 (0.032)
Kernel -0.015 (0.019) -0.042 (0.024)
*
Radius  (0.01) -0.020 (0.019) -0.044 (0.024)
*
Radius  (0.001) -0.017 (0.020) -0.050 (0.025)
**
Happiness (happy)
Nearest neighbourhood   -0.058 (0.024)





Radius  (0.01) -0.074 (0.018)
*** -0.111 (0.023)
***




Nearest neighbourhood   -0.017 (0.026)





Radius  (0.01) -0.037 (0.019)
* -0.060 (0.024)
**
Radius  (0.001) -0.032 (0.021) -0.061 (0.024)
**
Number of observations Treated  Controls Treated  Controls
(Smokers) (Non-smokers) (Smokers) (Non-smokers)
Nearest neighbourhood   1,531 1,049 561 919
Kernel 1,531 1,409 561 2,608
Radius  (0.01) 1,528 1,409 557 2,591
Radius  (0.001) 1,424 1,373 519 2,297
Males Females
Outcome per matching method
ATT (the average treatment effect on the treated) represents the difference in the probability of
smokers and non-smokers reporting satisfaction or favourable assessments: a negative value
indicates a lower probability for smokers. Standard errors for radius matching models are
bootstrapped with 1,000 replications. 
*** p < 0.01,  
** p < 0.05,




   It is not easy to identify the causal effect of smoking on individual well-being, as 
smoking is not a randomly assigned behaviour within the general population. This 
problem is further complicated by being unable to exclude the possibility that people 
smoke because they are unhappy. Indeed, as outlined above, many studies have found 
high levels of work stress and strain to place individuals at greater risk of smoking. 
Furthermore, it is also the case that any observed association between smoking and 
individual well-being may be at least partially spurious if common covariates are not 
adequately controlled for. 
   In the present study, we used propensity score matching methods to estimate the 
average effect of smoking on smokers. These methods assumed that individuals were 
randomly assigned to smoking and non-smoking groups given all observed 
socioeconomic and demographic characteristics. This approach is a reasonable 
alternative to instrumental variable methods for identifying direct causal effects of 
smoking, particularly if there are few reliable instrumental variables available. 
   The logistic regression models we used to estimate propensity scores revealed 
current smoking status to be strongly determined by educational attainment for both 
males and females, and by experiences in living in a single-parent family at age 15 for 
females. Current household income and occupational status bore little association with 
smoking when educational attainment was controlled for. These findings are consistent 
with a view that smoking tends to begin in adolescence, before the labour market has 18 
 
been fully entered into. They also thus suggest that it is important to further investigate 
the individual-specific and social environmental influences on smoking in children and 
adolescents. [25, 26] 
      The key message to emerge from our study is that smoking makes people unhappy. 
This causal effect of smoking on individual well-being was identified with suitably 
appropriate propensity score matching methods, and was found to be highly significant 
for both males and females and with different matching methods. With regards to more 
particular measures, smoking tended to reduce the extent to which males were satisfied 
with their job and non-work activities. For females, it was satisfaction with each of 
family life, the household’s financial conditions, and health and physical condition, and 
self-rated health that were adversely affected by smoking. 
      Our findings of adverse effects of smoking on individual well-being provide a clear 
rationale for smoking cessation policies. It should be noted however that our analyses 
do not completely exclude the possibility that lower levels of current well-being make 
individuals more inclined to smoke. In this context our results support a vicious cycle 
between individual well-being and smoking.   
There are limitations of the present study that must be considered. Firstly, the 
reliability of propensity score matching methods depends heavily on assignment into 
treated and control groups being determined on the basis of observed covariates. 
However, the number of covariates for which we had data was limited, with potentially 
important factors not considered including personality traits, [27] peer and 19 
 
neighbourhood effects, [28, 29] perceived income inequality, [30] social capital, [30, 
31] and macroeconomic factors. [32] Secondly, relationships between smoking and 
socioeconomic status are more likely to be dynamic rather than static. Therefore, it will 
be of interest to investigate the extent to which it changes over time in association with 
changes in socioeconomic status. [33] This is an issue for future research that uses panel 




Data from the Japanese General Social Surveys (JGSSs) was made available to us by 
the Social Science Japan Data Archive, Information Centre for Social Science Research 
on Japan, Institute of Social Science, the University of Tokyo. The JGSSs were 
designed and conducted by the JGSS Research Center at Osaka University of 
Commerce (Joint Usage/Research Center for Japanese General Social Surveys 
accredited by the Minister of Education, Culture, Sports, Science and Technology), in 
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